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THE WATER TABLE IN THE WESTERN AND CENTRAL PARTS OF LONG ISLAND, NEW YORK 
BY Gobe Jacob 


INTRODUCTION 


Since January 1932, the Geological Survey, United States Department of the 
Interior, has cooperated with the New York State Water Power and Control Comis-~ 
sion, the Nassau County Department of Public Works, the Suffolk County Board of 
Supervisors, and more recently also with the Suffolk County Water Authority, in 
an intensive study of the ground-water resources of Long Island. This work is 
under the general direction of 0. E. Meinzer, Geologist in Charge of the Divis~ 
ion of Ground Water, of the Water Resources Branch of the Survey, and under the 
immediate supervision of M. Le Brashears, Jre, Geologist in Charge of ground 
water investigations in New York and New England. 

The continuing program has included the systematic measurement of water levels 
in shallow observation wells on the island. The purpose of these measurements 
has been in part to map the ground-water table and to evaluate its fluctuations, 
whether natural ones resulting from variations in rates of precipitation, evapora- 
tion, and transpiration, or artificial ones resulting from pumping for municipal, 
industrial, agricultural, or other useful purposes. The contour map of the water 
table presented in this report represents in a sense the culmination of an effort 
to expand a growing network of observation wells to cover most of Long Islands 
In another sense, however, it will merely serve as a guide, along with earlier 
contour maps, pointing to a more complete and accurate map that may be obtained 
by adequate coverage of the entire island by shallow test wells, and particularly 
of the critical area in Brooklyn and western Queense 

The present map has been made possible by the cooperative effort of many persons, 
Mr. We Fred Welsch, Senior Engineer of the Nassau County Department of Public 


Works, willingly made available members of the staff who assisted the Geological 
Survey in making the water-level measurements in May 1943. Mr. Henry L. Frauenthal, 
of the same organization, offered many helpful suggestions. Grateful acknowledg~ 
ment is also due Mr. Russell Suter, Executive Engineer of the New York State Water 
Power and Control Commission, whose constructive criticism led to notable improve~ 
ments in the map. The coverage of western Suffolk County was made possible by the 
financial cooperation of the Board of Supervisors and the Water Authority of that 
county. The drafting of the map and sections was executed by Mr. Lauren Re 
Wistoft, of the Geological Survey. 


GEOLOGY 

The geology of Long Island has been discussed at length by several writers 
(6) (10) (12) (13) and will therefore only be sketched briefly here. 

Long Island is formed of glacial deposits of varying thickness that were laid 
down on unconsolidated beds of Cretaceous age. The backbone of the island is a 
double row of hills representing terminal moraines fashioned by the great ice 
sheets of the Pleistecene epoch. South of these morainal deposits is an outwash 
plain that slopes gently toward the ocean. The outwash material is quite perme- 
able and rather uniform in structure. The water table in the area south of the 
moraines is accordingly a more or less continuous surface of low slope, though 
modified somewhat by the streams that it feeds. 

Along the north shore of the island the glacial deposits are much less 
homogeneous and generally less permeable, being composed in part of tille Numerous 
bays cut into the shore of the island along the sound. Flowing into these bays 
are many small streams of steep slope, some of which are fed by natural springs. 
In the area north of the moraines there are several anall lakes and water tables 
perched on impermeable lenses above the main water table, There the main water 


table slopes steeply and in irregular fashion, generally toward the north shore. 


The upper Cretaceous beds that underlie the glacial deposits on most of 
Long Island and crop out in some places are also of importance because of their 
influence on the configuration of the main water table. The uppermost beds cf 
that series, which are supposedly of Magothy age, comprise interbedded sands and 
silts totalling several hundred feet in thickness, Underlying these sands and 
silts are clays assigned to the Raritan formation, which in turn are underlain by 
Lloyd sand, also considered to belong to the Raritan formation. The Lloyd sand, 
an excellent water-—bearing bed, rests unconformably on the ancient crystalline 
rocks, and dips toward the southeast about 100 feet to the mile. The sands of 
the Magothy formation, as well as the Lloyd sand, all have the main water table 
on Long Island as the source of their head. These sands unquestionably affect 
the shape of the main water table, 

In many areas over the island it is difficult to establish the bottom of the 


main water-table aquifer. 


EARLY GROUND—WATER RECORDS 

In 1851 water~level measurenents were made in about 30 shallow wells in the 
southern parts of Kings and Queens Counties. These were reported by McAlpine 
(1) in 1852. However, neither the exact locations of the wells nor the dates of 
measurements are givenoe 

The earliest knowm contour map of the water table of any part of Long Island 
appeared in 1867 in a report by Kirkwood (2). It covered the area lying between 
Jamaica and Hempstead and extending about 8 miles inland from the south shore. 
The measurements upon which this map was based presumably were made in the late 
fall of 1859 or the early spring of 1860 (3). In 1854 Stoddard (4) reported 
elevations of the water table at several wells in Brooklyn in connection with a 


study of possibilities of water supply from underground sources in that areae 


MAP OF 1905 BY BURR-HERINieFhoemaN COMMISOLON 


In November 1905 the Commission on Additional Water Supply for the City of 
New York reported its findings to the Commissioner of Water Supply, Gas end 
Eléctricity (5), This Commission came to be known as the burr=Hering="reeman 
Comission, for those were the names of ite members, Their report incluced a 
contour map (Plate Vili of Appendix Vii, following ps 510) of ths water table as 
of July 1, 1905, based on water-level readings in 1,575 shallow wells, 555 of 
Which were 2—inch test wells driven @specially for that purposes, The map covered 
that part of Long Island lying weet of Menor ana Moriches, Suffolk County, ex= 
Cept the area within the Borough of Brooklyn of the City of New fork. By means 
of a Tive-foot contour interval it showed a water table conterming to the general 
Outline of the isiand and modified by the numerous bays aud streams, The maxi— 
mim slopes of the water table on the south shore, as measured on ten north-south 
sections across the isiand ((5), Plate VII of Appendix VII, following p. 210), 
ranged trom 7 to 20 feet per mile and averaged about 14 fcoet per mile. Slopes 
On the north shore were reported as ranging from 50 to 100 feet per mile, thoucn 
tey Were not so weil defined because of the variable commotion and structure 
Of the moraginal material there in contrast to the more nearly uniform deposits 
that underlie the outwash plains to the south, 

The Gatum of the Brooklyn Water Departmait was used in the PBurr-Herine— 
Freeman inveswgatton, It was fount to be 1,057 feet above the Willets Point 
datum, the lavter having been fixed by tide observations at Willets Foint fron 
1891 to 1695. | 

Tne highest Water—table Glevaticn, Siizhtiy over 100 feet above sea level, 
Was shown near the NassaueSuffolk County line between Hicksvilie and Hintinzton. 
However, the conlours there wero draw a9 a@ succession of short dashes, indica— 


ting Wat some uncertainty was attached to their valu or meaning in that area. 


On page 811 of the Burr-Hering-Freeman report the following statement is made: 
"Where these contours are shown as a succession of long dashes, the 
surface of the ground water is well established; where shown as dotted 
lines, as on some of the areas covered by the moraine and the thick 
layers of till on the northerly portion of the island, the location 
of the surface of the water table is somewhat conjectural, because 
few existing wells were found there of sufficient depth to reach the 
true water table and the cost of the necessary wells, some of which 
would have had to be fully 150 feet in depth, was prohibitive. The 
surface of the ground water, which is held by the fine compact material 
forming the moraines and the layers of till that partially cover the 
northerly portion of the island, are not shown on this 1903 contour map. 
Since, in general, it appears that the water from these elevated strata 
is slowly percolating into the sands and gravels that, as the geolo- 
gists have shown, underlie the mantle of till, to what might be termed 
the lower water table, which is the surface shown by the contourse « « 
The strata between these two saturated layers are, in some localities, 
completely saturated, the difference between the elevations of the two 
water tables representing the loss of head through vertical seepage; 
but in many localities the intervening sands were found to be only 
partially saturated 
In recent years wells of the requisite depth have been drilled in some of 
the doubtful areas shown on the 19035 mape The results are given on the contour 
map accompanying this report (Plate 1). Some of these wells struck water at two 
levels before the main water table was reached, confirming the observation made 
in 1903. 
The 1903 water—table map of the Burr-Hering-Freeman Commission was republished 


with slight modifications by the Geological Survey in 1906 in a report on the 
ground-water resources of Long Island (6). The location of contours in doubtful 
areas was again shown by dotted lines. 

The western part of the 1903 water-table map, covering Queens and Nassau 
Counties only, was reproduced in 1912 by the Board of Water Supply of the City 
of New York in their report on obtaining an additional supply of water for the 
City of New York from Suffolk County (7). 

An extension of the 1903 water-table contours into Brooklyn was made by Wiggin 
in 1934 in an engineering repart on behalf of the New York Water Service Corpora- 
tion, objectors to the application of the City of New York to the Water Power 
and Control Commission for additional ground-water supply in Brooklyn, Queens, 
and Nassau (8). Those contours, which had been terminated at the Brooklyn=~ 
Queens boundary, were extended into Brooklyn on the basis of water levels re~ 
ported by Stoddard (4) in 1854, trunk-sewer invert elevations, and water levels 
from records of test borings for subway construction. The highest elevation of 
the water table show in Brooklyn far 1903 was about 20 feet. Wiggin remarked, 
"it is probable that a few isolated areas in the high parts of Prospect Park and 
elsewhwere had higher levels. . " The Burr-Hering-Freenan contours of 1903 
were again published in 1937, by the Water Power and Control Commission (11), 
together with Wiggin's extension of those contours into Brooklyn (8). Com 


parison was made with water-—table contours for 1936, 


MAP OF 1908 BY BOARD OF WATER SUPPLY, CITY OF NEW YORK 
The report of the Board of Water Supply (7) referred to previously is ap~ 
propriately called the Spear report after Walter E. Spear, at that time Division 
Engineer of the Board of Water Supply. Under his direction an intensive inves~ 
tigation was made of the ground-water resources of western Suffolk County, ‘The 
study of ground-water levels was extended eastward to the longitude of Riverhead. 


The Spear report contained a map (Vol. 1, sheet 6, opposite pe 108) showing 
the configuration of the water table on July 1, 1907, in that part of Suffolk 
County lying west of Riverhead, in addition to the above mentioned water—table 
map of Queens and Nassau for 1903 (Vole 1, sheet 1, opposite pe 60) republished 
from the Burr~Hering-Freeman report. The contour interval was five feet. All 
elevations were referred to a new datum 1-72 feet below the datum of the 
Brooklyn Water Department. 

General agreement was shown between the Spear map of 1907 of western Suffolk 
County and the Burr~Hering-Freeman map of 1903 covering the same area. Many of 
the wells put down during the 1903 investi gation were later used by the Board 
of Water Supply. In addition, about 300 two-inch test wells were driven in the 
area to augment those wells and other existing wells available for observation. 

Caution in the interpretation of the water—table contours in certain areas 
was again urged in the Spear report, as the following quotations from pages 108 
and 109 will show: 

"The ground-water contours shown here define, however, only the 
main surface of saturation. In the moraines, local beds of clay 
and boulder till maintain elevated water-tables that are much 
higher and quite independent of the main surface of saturation. 
Between these elevated or "perched" water—tables « « «oe «-e«es 
and the main water—table below, the strata are only partially 
Saturateds « « « 

"There are but few observations upon the surface of the main 
water-table beneath the high and compact morainal ridges, and the 
ground-water contours there are drawn ina general way from the 
observations in wells outside of these areas. This lack of infor- 


mation in these areas does not appreciably affect the accuracy 


of the determination of the ground-water catchment. The 
few wells in the doubtful area between the Nassau County 
line and Elwood indicate that the ground-water summit is 
not far from the surface divide of the southerly moraine." 


(Underscoring is ours.) 


MAP OF 1938 BY WIGGIN 

A contour map of the water table in Brooklyn and Queens in May 1955 was 
presented by Wiggin in connection with hearings before the Water Power and Con= 
trol Commission on the application by the City of New York already referred to. 
This was a joint effort by consulting engineers for the objecting water—supply 
companies and officials of the New York Department of Water Supply, Gas and 
Electricity. By comparing this map with the 1903 contours and their extension 
into Brooklyn, Wiggin estimated the amount of water that had been withdraw from 
storage in that critical area during the intervening 30 years. Wiggin's map of 
1933 was published by Laase (9) in 1934 and by Thompson, Wells, and Blank (10) 
in 1937. 


MAP OF 1936 BY NEW YORK STATE WATER POWER AND CONTROL COMMSSION 


In Bulletin GW-2 of this series (11), published by the Water Power and Con- 
trol Conmission in 19357, Suter gave a water—table map far 1936 with a five-foot 
contour interval, covering again the area from Riverhead westward. To obtain 
the data numerous wells were measured, some of them after relatively short 
periods of recovery. In many cases it was necessary to estimate elevations from 
topographic maps ( (11), pe 51), but despite this lack of refinement the 1936 
contour map was of value in indicating important changes, even in the short 
period from 1953 to 1936, particularly in the critical area of Brooklyn. 

In commenting on the state of knowledge at the tine of the hearings on the 
application of the City of New York in 1933 Suter stated (ppe 48, 50) "All along 


the Queens-Nassau County line this Brooklyn overdraft had lowered the ground 
water level by many feet. How far into Nassau County that effect went and 
whether it extended to Suffolk was not then (1933) knowne" One object of the 
studies made in 1956 was to fill in this gap, but again perched water—table con- 
ditions presented a serious handicap. With the funds available aml with the time 
allotted it was not then possible to drill the necessary deep test holes to de- 
termine the true position of the main water table in the center of the island. 
Suter repeated the warnings given in both the Burr~Hering-Freeman and Spear re~ 
ports, in the following words: "There is ever present danger that in hills, along 
the moraines and in disturbed strata generally levels may be taken in wells 
plercing perched water deposits and so fail to indicate the true upper surface of 
the main body of ground water." ( (11), pe 51). This reservation tempered his 
summation (pe 50) of the results of the investigation just then completed: 
"Latest information showed mterial changes for the worse in the period 1933~1936. 
Not only has the Brooklyn depression gone down = — as was expected - = but the 
depressed area has extended far to the east into Queens County. The effects in 
Nassau County are serious and there can be no doubt but that they extend even 
into Suffolk, although somewhat masked by the difficulty of avoiding perched 
water tables in the ranges of hills near the county line." (Underscoring is ours.) 
Deep observation wells drilled more recently in that area passed through the 
perched water tables and reached the main water table. As discussed more fully 
below, it now appears that the effect of pumping in Brooklyn has not extended 
to Suffolk County. The apparent decline of the water table at the Nassau-Suffolk 
County line is attributable first to the fact that the early maps contoured 
perched water tables, and secondly, to differences in antecedant precipitations 


MAP OF 1943 BY GEOLOGICAL SURVEY 
Plate 1 is a map of the western and central parts of Long Island showing by 


contours the configuration of the main water table in May 1943. The contours 
are drawn with a 10-foot interval on the basis of water-level measurements in 
289 shallow wells distributed among the counties as follows: 


Agency, or Owner County 
Ss ens Nassau Suf folk 

Nassau Co. Dept. of Public Works 0 0 167 0 
New York City Board of Water Supply 0 8) 0 28 
New York City Dept. of Water Supply 12 25 6 8 
New York Water Service Corporation 7 8) 0 0 
Ue Se Geological Survey 0 0 L 20 
industrial or other 9 0 1 5 

Totals 28 25 175 61 


The table beginning on page 17 gives pertinent data concerning these wells. 
The State well numbers are those adopted by the New York State Water Power and 
Control Commission (14) and widely used by other agencies. The same mumbers 
are used in the series of Water-Supply Papers (15) in which complete water-level 
records for most of the 289 wells are published, most of them going back to the 
beginning of record. The owner's number is given in many cases to assist in 
referring to the early records. 

Under "Location" are given addresses or nearest street intersections, though 
in many cases merely the localities are given. The depth of the well means the 
total depth measured inside the casing from the top. The top of the casing is 


generally within about a foot of the ground surface, except as noted under 


tRemarks _" 

The tabulated water-level elevations are based mostly on measurements made 
near the end of May 1943. The more recently completed wells in Suffolk County 
were measured in June 1944. At the end of that month the water table over most 
of Long Island, as shown in other representative shallow wells, was generally 
at about the same level as it was at the end of May 1943, 

Water levels in supply wells of the New York Water Service Corporation in 
Flatbush, Brooklyn, were taken from testimony of Thomas H, Wiggin, Consulting 
Engineer, given at a hearing before the Water Power and Control Commission. In 
some cases these are static levels of wells in servicee 

All elevations given in the table refer to mean sea level. The elevations of 
measuring points on the well casings have been determined by differential level-= 
ing done by the Geological Survey. The generai order of significance of the 
water~table elevations is indicated on the map, most of the elevations being 
given to the nearest tenth of a foot. Water levels determined at another time 
than at the end of May 1943 are given to the nearest foot only. 

Where the density of wells is adequate the contours are dram as full lines. 
Where information is lacking or where there is some uncertainty as to its inter 
pretation, the contours are drawn as broken lines. No attempt has been made to 
draw in the contours below the 60—foot contour in northern Nassau County because 
many of the wells in that area undoubtedly reach only to perched water tables. 
That is true, for example, of wells N 1171 and N 1172. 

There is a large area in northwestern Suffolk County in which there are few 
shallow observation wells. The provisional dashed contours there should be re= 
garded only as suggestive of the general shape of the main water table in that 
areae Farther to the east, between Lake Ronkonkoma and Carman's River, the 


coverage is better, particularly along two recently comoleted profiles 


(sections H-H' and I-I'). 

In drawing contours along the south shore of Suffolk County the 1908 map by 
the Board of Water Supply was used as a guide, allowance being made for the 
general decline of water levels that is known to have occurred since that time 
(16). Also allowance was made for the difference in datum planes. 

No contours are shown for that area in Queens County lying north of the ter~ 
minal moraine, except for the zero contour. This contour encircles the center of 
heavy pumpage in the Woodhaven area and separates the high area of north Queens 
from the low area in Brooklyn. At two "stagnation points" it intersects the 
closed zero contour that completely encircles the islend along its shore. One 
of these points is on Jamaica Bay and the other assumedly on Newtown Creek. A 
Similar zero contour separates the high area of Gravesend from the rest of 
Brocoklyne 

Perhaps the most striking difference between the map on plate 1 and earlier 
water=table contour maps of Long island is the configuration of the high in 
Nassau County. The maximm elevation of the main ground-water table in Nassau 
County in May 1945 was about 85 feet, or approximately 15 feet lower than show 
on the 1903 contour map. Furthermore, the high point in 1943 was about 5 miles 
west of its position according to the 1903 map. However, it mst be kept in 
mind that on the 1905 map the contours in that area were drawn as dotted lines, 
indicating that the position of the true water table was conjectural, as pointed 
out above (pe 10). Comparison of the two water tables is best seen on section 
G~G!, plate e&. Section F-F' shows the same divergence af levels, though to a 
lesser degree, 

Differences in average elevation of the water table in 1903 and 1943 as 
show on the other sections of plate 2 is attributable partly to differences in 


precipitation, A recent study (6) of early water levels and precipitation and 


their Long-term correlation shows that in 1890 or about that year the water 

table was at its highest stage since 1850. A secondary high was reached in 1903, 
On the basis of precipitation data it is estimated that in Nassau and westem 
Suffolk Counties the water tahle should have averaged about four or five feet 
lower in 1943 than in 1903, The profiles of plate 2 show approximately that 
mich difference in the stage of the water table at the beginning and end of this 
40eyear peri odes 

Another significant difference between the present contour map and earlier 
mavs is in the shape and extent of the water-table depression in Brooklyn and 
western Queens. The probable original shape of the water table in Brooklyn is 
indicated on section A-A' on plate 2, which is based on Wiggin's extension of 
the 1903 contours (8). The decline that has occurred there is the result of pum~ 
ing for industrial purposes and for public water supplies (17). In the early 
years of the ground-water development in Brooklyn the decline was gradual, In 
recent years it has been accelerated and the water-table depression has expanded. 
A comparison of the 1933 and 1936 contour maps shows that the water table in 
parts of Brooklyn and Queens declined rather sharply during that three~vear 
periqad. Since 1936 there has been only a small net decline, although the depres- 
Sion has continued to expand. In general, low water levels were reached about 
1941. Since then there has been a slight recovery of water levels in the area 
of most concentrated pumping. 

Referring to section B-B' on plate 2, it is seen that in 1943 the water table 
was lower everywhere along that section than it was in 1903. Part of that dif~ 
ference in levels is due to the difference in average rates of precipitation 
before 1903 and before 1943, which was discussed above. However, the major part 
of the difference in water levels there is due to the pumping distritmted over the 
area adjacent to that section ( (17), fige 6). 


in view of the relative nearness of the center of heavy pumping in Brocklyn 


to the East River, it is not likely that the effect of that pumping reaches very 
far into Queens. As the water table hinges on the tidewater in the nearby 
channels, any transient state of flow set up by a change in the rate of pumping 
in that area soon degenerates into a new steady state of flow without affecting 
appreciably the water levels at comparably greater distances in the opposite 
direction. 

Nothwithstanding the evident overdraft in Brooklyn and in parts of Queens, 
the ground-water resources of Long Island as a whole are still not fully utilized, 
The potential supply in the central and eastern parts of the island is tre~ 
mendous.( (11), pe 32). Through proper development it may be used for municipal, 
industrial and agricultural purposes on a scale that has scarcely been antici~ 
pated, 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 
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